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What happens to risk as the economic horizon goes to zero and risk is seen as
an exposure to a change in state that may occur instantaneously at any time? All
activities that have been undertaken statically at a fixed finite horizon can now be
reconsidered dynamically at a zero time horizon, with arrival rates at the core of
the modeling.

This book, aimed at practitioners and researchers in financial risk, delivers the
theoretical framework and various applications of the newly established dynamic
conic finance theory. The result is a nonlinear non-Gaussian valuation framework
for risk management in finance. Risk-free assets disappear and low-risk portfo-
lios must pay for their risk reduction with negative expected returns. Hedges may
be constructed to enhance value by exploiting risk interactions. Dynamic trad-
ing mechanisms are synthesized by machine learning algorithms. Optimal expo-
sures are designed for option positioning simultaneously across all strikes and
maturities.
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Preface

Financial valuation as an expectation with respect to a probability both ignores the natu-
rally present uncertainty in the probability and makes value a linear function of the risk.
Nonlinear valuation instead is based on a diverse set of probabilities and two nonlinear
valuations naturally arise. The lower valuation takes the infimum of expectations over the
set of probabilities while the upper valuation takes the supremum. The result is a concave
conservative valuation for assets that may be maximized and a convex conservative valu-
ation for liabilities that may be minimized. The classical linear valuation, by virtue of its
linearity, is problematic as an optimization objective. The resulting new financial objectives
can be applied to all aspects of financial decision-making. Madan and Schoutens (2016)
investigated and reported on applying these new nonlinear objectives for financial analysis
to many aspects of finance.

The classical view of risk as multiple future outcomes at some horizon described by their
probabilities is here revised. Risk is here viewed as an exposure to instantaneous changes
in states with the resulting time horizon being sent to zero. A form of continuity can be
modeled by allowing for infinite small or minuscule changes in state. The changes are
described by the time frequency of their arrival rates with the aggregate arrival across all
possible changes potentially infinite. As a result there is not a probability for the changes
in states, but just a measure given by the arrival rate. Normalization to a probability is not
possible; the aggregate arrival rate is infinite.

Risk is described by the arrival rate measure. Expectations are replaced by variations that
are integrals of state changes with respect to the arrival rate measure. Nonlinear valuations
allow for sets of alternate measures incorporating natural uncertainties in the measure.
The lower and upper valuations are then infima and suprema or variations over the sets of
measures. Probability distortions encountered in Madan and Schoutens (2016) are replaced
by measure distortions introduced in Madan et al. (2017a).

The objectives of financial analysis are then reformulated with risk described by multidi-
mensional arrival rate measures and the nonlinear valuations of risk are based on measure-
distorted variations. The first five chapters present this implementable reformulation of
risk and its value. The rest of the book presents applications that include multidimensional
hedging, portfolio allocation, and derivative positioning. All activities may be undertaken
statically at the level of the instant, which is the limit of letting the horizon go to zero,
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xii Preface

or dynamically by solving nonlinear partial integro-differential equations backward from a
finite or infinite terminal date. In the latter case the arrival rates may be adapted to evolving
filtrations of information. The difficulty with dynamic modeling is the general inability to
commit future actions to be consistent with plans generated earlier. Hence only the initial
decision of a dynamic plan may see implementation. Be that as it may, both formulations
are considered. The dynamic formulation here works with a probability at a terminal date
or horizon. A generalization to an infinite measure at the terminal date that cannot be
normalized to a probability is an interesting subject for subsequent research and beyond the
scope of research accomplished to date.

All implementation requires the estimation of multidimensional arrival rates from data,
and the first chapters present the details for undertaking this work. Upon completion one
has the ability to estimate the count of loss and gain arrival rates of positions in financial
instruments. The instruments considered are assets and liabilities undertaken relative to a
numeraire accounting for time value considerations. All positions are always risky.
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